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(54) Ophthalmologic apparatus and auto-alignment method 



(57) An aligning method for an ophthalmologic ap- 
paratus including a measurement optical system (6) for 
measuring the eyes (E) of an object to be examined and 
an illumination system for illuminating the eyes with ex- 
trinsic eye light is disclosed. When a reflected cornea 
image can be detected by irradiating an eye of the object 
with alignment light, alignment of the measurement op- 



tical system is executed on the basis of the reflected 
cornea image. If no reflected cornea image of the align- 
ment light can be detected, a reflected cornea image 
formed by the extrinsic eye light is detected, and align- 
ment of the measurement optical system is executed on 
the basis of the reflected cornea image formed by the 
extrinsic eye light. Thereafter, the reflected cornea im- 
age is detected again. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ophthalmo- 
logic apparatus which allows easy alignment of a meas- 
urement optical system with respect to a patient's eye 
to be examined, and an auto-alignment method for the 
apparatus. 

Related Background Art 

[0002] An ophthalmologic apparatus having an auto- 
alignment function is known. 

[0003] Such an ophthalmologic apparatus can per- 
form so-called auto-alignment, in which a light beam is 
projected on the cornea of an eye to be examined, and 
the alignment state of the optical axis of the measure- 
ment optical system with respect to the eye is detected 
by detecting the reflected light through a light-receiving 
element, thereby automatically setting the relation be- 
tween the eye and the optical axis of the measurement 
optical system to have a predetermined relationship on 
the basis of the alignment state. 

[0004] The above auto-alignment function exhibits a 
narrow range in which reflected light from the cornea 
can be detected by the light-receiving element; there is 
a room for improvement. 

[0005] When the measurement optical system in the 
initial state falls outside a detectable range in which au- 
to-alignment can be done, and no reflected light can be 
detected, an operator needs to manually align the meas- 
urement optical system {measurement unit) with the eye 
until the optical system falls within the detectable range. 
[0006] Such operation is a burden for the operator of 
this apparatus, and hinders quick measurement. One of 
measures against this problem is to widen the detecta- 
ble range of alignment by using a large-aperture light- 
receiving lens or a sensor having a large light-receiving 
surface. An increase in apparatus size, however, will 
lead to increases in cost and complexity. 
[0007] According to another approach, the ophthal- 
mologic apparatus disclosed in Japanese Patent Appli- 
cation Laid-Open No. 9-66027 is aimed at widening the 
detectable ranges in the up-and-down and right-and-left 
(X and Y) directions by performing alignment detection 
on the basis of a virtual image of an anterior illumination 
light source on an eye to be examined. However, since 
no special optical system for alignment detection is 
used, high detection precision cannot be ensured. In ad- 
dition, according to the structure of this apparatus, the 
detectable range for alignment in the forward-and-back- 
ward (Z) direction cannot be broadened. 



SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro- 
vide a method and ophthalmologic apparatus which al- 
5 low high-precision auto-alignment in a wide range. 
[0009] In order to achieve the above object, according 
to an aspect of the present invention, there is provided 
an ophthalmologic apparatus comprising a movable 
measurement unit which includes a measurement opti- 
io cal system for measuring an eye to be examined, a first 
light source which irradiates the eye with light from a 
direction different from an optical axis of the measure- 
ment optical system, a second light source which irradi- 
ates the eye with light from an optical axis direction of 
'5 the measurement optical system, an image pickup de- 
vice to obtain an image of the eye, a first detection sys- 
tem which detects an aligned state of the measurement 
unit with the eye by obtaining a position of a reffected 
cornea image of the second light source on the basis of 
20 the image picked up by the image pickup device, and a 
second detection system which detects an aligned state 
of the measurement unit with the eye by detecting a po- 
sition of the reflected cornea image of the first light 
source on the basis of the image picked up by the image 
25 pickup device. 

[0010] According to another aspect of the present in- 
vention, there is provided an auto-alignment method for 
an ophthalmologic apparatus including a measurement 
optical system which measures an eye to be examined, 
30 and an illumination system which illuminates the eye 
with extrinsic eye light, comprising the detection step of 
irradiating the eye with a light beam through the meas- 
urement optical system, and detecting a reflected cor- 
nea image of the light beam, the aligning step of, when 
35 a reflected cornea image can be detected in the detec- 
tion step, aligning the measurement optical system with 
the eye on the basis of a position determined based on 
the reflected cornea image, and the step of, when no 
reflected cornea image can be detected in the detection 
<to step, detecting a reflected cornea image by illumination 
of the extrinsic eye light, aligning the measurement op- 
tical system in accordance with the detected reflected 
cornea image, and then performing the detection step 
again . 

is [0011] The above and other objects, features, and ad- 
vantages of the present invention will be apparent from 
the following detailed description in conjunction with the 
accompanying drawings and the appended claims. 



[0012] 

Fig. 1 is a perspective view of an ophthalmologic 

apparatus according to an embodiment; 

Fig. 2 is a perspective view showing the structure 

of a driving mechanism for driving the measurement 

unit; 



50 BRIEF DESCRIPTION OF THE DRAWINGS 



BNSDCCID: <EP 1245182A1 J_> 



2 



i 



3 EP1 : 

Fig. 3 is a view showing the internal optical arrange- 
ment of the measurement unit; 
Fig. 4 is a view showing the arrangements of a 
6-piece stop and 6-piece prism; 
Fig. 5 is a view showing the arrangement of a prism 
stop; 

Figs. 6A, 6B and 6C are views each showing an an- 
terior image at the time of alignment based on re- 
flected images of alignment light; 
Figs. 7A, 7B and 70 are views each showing an an- 
terior image at the time of alignment based on re- 
flected images of a pupil and extrinsic eye light; 
Fig. 8 is a block diagram showing an electric ar- 
rangement; and 

Fig. 9 is a flow chart showing a procedure for auto- 
alignment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0013] The present invention will be described in de- 
tail below with reference to the embodiment shown in 
the accompanying drawings. 

[0014] An eye refractive power measurement appa- 
ratus as an ophthalmologic apparatus will be exempli- 
fied. Note that the ophthalmologic apparatus to which 
the present invention can be applied is not limited to this 
but can be applied to various devices that demand pre- 
cise alignment of an optical system with the eye, e.g., 
corneal measurement apparatuses for measuring vari- 
ous types of cornea information, optometers, eye fun- 
dus cameras, and blood flowmeters. 
[0015] Fig. 1 is a schematic view of an apparatus ac- 
cording to this embodiment. A display 1 (liquid crystal 
display or CRT) for displaying a measured value, an im- 
age of an eye of a patient, and the like or displaying/ 
providing a user interface used for various settings is 
mounted on the surface of the apparatus on which an 
operator performs operation. In addition, a track ball 2 
and roller 3 which are input devices for manually aligning 
a measurement unit with the eye, a switch panel 4 (hav- 
ing a printer print switch, measurement start switch, se- 
lecting/setting switch, and the like), and a printer 5 are 
arranged on this surface. The face of the patient is fixed 
on a face rest (not shown) on the opposite side to the 
surface on which the operator performs operation, and 
an eye E is set in front of the optical system of the meas- 
urement unit. 

[0016] Fig. 2 is a perspective view showing a driving 
mechanism for automatically aligning a measurement 
unit 6 with the eye E . This apparatus includes the meas- 
urement unit 6 incorporating an optical system for meas- 
urement. The measurement unit 6 is moved in the up- 
and-down direction (Y direction) within the range of 
about 30 mm by an up and down driving mechanism 7 
for moving the unit in the up-and-down direction. The 
measurement unit 6 is supported on a support 8 and 
joined to a support 9 incorporating a direct-acting ball 
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bearing and a feed screw for vertical movement. The 
support 9 is fixed on a base 10. A fitting support 11 pro- 
trudes from below the measurement unit 6 to restrict the 
rotation of the measurement unit 6 about the central axis 

5 of the support 8 and is fitted in a direct-acting bearing 
12 fixed to the base 10. An up and down motor 13 is 
placed between the support 9 and the direct-acting 
bearing 1 2 to rotate the feed screw of the support 9 via 
a belt on the lower surface of the base 10. Therefore, 

10 as the motor 13 rotates clockwise and counterclock- 
wise, the measurement unit 6 moves up and down. Limit 
switches (not shown) at the two ends of a stroke in the 
up-and-down direction detect movement limits. An en- 
coder capable of counting pulses is coaxially placed on 

is the motor 1 3. A photocoupler for detecting the encoder 
is placed on the lower surface of the base 10. 
[0017] A forward and backward mechanism 1 4 drives 
the measurement unit 6 in theforward-and-backward di- 
rection (Z direction). A female thread nut 15 is fixed to 

20 the lower surface of the base 1 0. The female thread nut 
15 is threadably engaged with a feed screw 1 7 support- 
ed on a base 1 6. The feed screw is coupled to a forward 
and backward motor 18 via a coupling. Direct-acting 
guide rails 1 9a and 1 9b are arranged on the left and right 

25 side surfaces of the base 10; the movable and fixed 
sides are respectively joined to the base 10 and base 
1 6. As the forward and backward motor 1 8 rotates clock- 
wise and counterclockwise, the measurement unit 6 in- 
cluding the up and down driving mechanism 7 moves 

30 forward and backward within the range of about 40 mm. 
Limit switches (not shown) at the two ends of a stroke 
in theforward-and-backward direction detect movement 
limits. An encoder capable of counting pulses is coaxi- 
ally placed on the forward and backward motor 18. A 

35 photocoupler for detecting the encoder is placed on the 
upper surface of the base 10. 

[0018] A right and left driving mechanism 20 drives 
the measurement unit 6 in the right-and-left direction (X 
direction). A female thread nut is fixed to the lower sur- 

40 face of the base 1 6. The female thread nut is threadably 
engaged with a feed screw 22 supported on a base 21 . 
The feed screw 22 is coupled to a right and left motor 
23 via a belt 24. Direct-acting guide rails 25a and 25b 
are arranged on the front and rear surfaces of the base 

45 1 6; the movable and fixed sides are respectively joined 
to the base 16 and base 21 . As the right and left motor 
23 rotates clockwise and counterclockwise, the meas- 
urement unit 6 including the up and down driving mech- 
anism 7 and forward and backward mechanism 14 

50 moves in the right-and-left direction within the range of 
about 90 mm. Limit switches (not shown) at the two ends 
of a stroke in the right-and-left direction detect move- 
ment limits. An encoder capable of counting pulses is 
coaxially placed on the right and left motor 23. A photo- 

55 coupler for detecting the encoder is placed on the upper 
surface of the base 21 . 

[0019] As described above, the measurement unit 6 
is moved by the up and down driving mechanism 7 (Y 
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direction), forward and backward mechanism 14 (Z di- 
rection), and right and left driving mechanism 20 (X di- 
rection) in the respective directions in three dimensions 
with respect to the eye E. Therefore, this apparatus can 
cope with objects with various sizes, from children to 
adults. When an object fixes his/her face on the face 
rest, the measurement unit is aligned with an eye of the 
object. 

[0020] Fig. 3 shows the arrangement of the optical 
system in the measurement unit 6. A dichroic mirror 31 
for totally reflecting visible light and partially reflecting a 
light beam having a wavelength of 880 nm, an objective 
lens 32, an apertured mirror 33, a stop 34, a projection 
lens 35, a projection stop 36, and a measurement light 
source 37 with a wavelength of 880 nm are arranged on 
a central axis O of the measurement unit 6 to be aligned 
with the optical axis of the eye E. A 6-piece stop 38, 
6-piece prism 39, light-receiving lens 40, and two dimen- 
sional image pickup element (two dimensional CCD) 41 
are arranged in the reflecting direction of the apertured 
mirror 33. The 6-piece stop 38 and 6-piece prism 39 
have the shapes shown in Fig. 5. They are in tight con- 
tact with each other. 

[0021] When the eye refractive power of an object is 
to be measured, a light beam emitted from the meas- 
urement light source 37 is focused by the projection stop 
36 and is primarily formed into an image in front of the 
objective lens 32 by the projection lens 35. This light 
beam is then transmitted through the objective lens 32 
and dichroic mirror 31 and projected onto the pupil cent- 
er of the eye E. This light beam is formed into an image 
at the eye fundus, and reflected light passes through a 
portion around the pupil and strikes the objective lens 
32 again. The incident light beam thickens and is totally 
reflected by the apertured mirror 33. The reflected light 
beam is split into six light components by the 6-piece 
stop 38. These light components are refracted by the 
6-piece prism 39 to be incident on the light-receiving ar- 
ea of the two dimensional image pickup element 41 with- 
in a proper range so as to project six spot images on the 
two dimensional image pickup element 41. The eye re- 
fractive power can be measured on the basis of the po- 
sitional relationship between the six spot images on the 
two dimensional image pickup element 41 . 
[0022] An optical system for fixation target projection 
and a light-receiving optical system used for both ante- 
rior observation and alignment detection are arranged 
in the reflecting direction of the dichroic mirror 31 . The 
light-receiving optical system includes a lens 42, dich- 
roic mirror 43, prism stop 44 for alignment, imaging lens 
45, and two dimensional image pickup element (two di- 
mensional CCD) 46. The measurement light source 37 
is also used as a light source with a wavelength of 880 
nm for alignment detection. A light beam from the meas- 
urement light source 37 is reflected by the cornea of the 
eye E. The reflected light beam returns to the measure- 
ment unit 6 and is reflected by the dichroic mirror 31. 
This light beam then passes through the lens 42 and is 



reflected by the dichroic mirror 43 to be guided to the 
alignment optical system. 

[0023] The alignment optical system includes the 
prism stop 44. Fig. 4 shows the structure of the prism 
5 stop 44. Three aperture portions are formed horizontally 
in a disk-like stop plate, and alignment prisms 47a and 
47b which transmit only light beams with wavelengths 
near 880 nm are bonded to the surface of the stop plate 
which is located on the dichroic mirror 43 side. The light 
io beam transmitted through the prism 47a is refracted 
downward, and the light beam transmitted through the 
prism 47b is refracted upward. The light beam that pass- 
es through a aperture portion 47c is transmitted there- 
through without refraction As a consequence, three lu- 
*5 minescent points are formed on the two dimensional im- 
age pickup element 46 by the imaging lens 45. The re- 
flected cornea images formed by extrinsic eye light 
sources 48a and 48b with a wavelength of 770 mn return 
to the measurement unit 6 and are reflected by the di- 
20 chroic mirror 31 , together with the anterior image. These 
light images pass through the lens 42 and are reflected 
by the dichroic mirror 43 to be guided to the alignment 
optical system. The light images then pass through only 
the aperture portion 47c in the center of the prism stop 
25 44 and formed into images on the two dimensional im- 
age pickup element 46 by the imaging lens 45. An align- 
ment state can be detected in the manner described lat- 
er on the basis of the positional relationship between the 
luminescent points on the two dimensional image pick- 
30 up element 46. 

[0024] A fixation projection optical system will be de- 
scribed next. The fixation projection optical system is 
placed on the transmission side of the dichroic mirror 
43. This system includes a total reflection mirror 49, fix- 
35 ation derivation lens 50, fixation chart 51 , and fixation 
projection light source 52. At the time of fixation deriva- 
tion, a projection light beam from the fixation projection 
light source 52 that is turned on illuminates the fixation 
chart 51 from the rear side and is projected onto the eye 
40 fundus of the eye E via the fixation derivation lens 50 
and lens 42. The fixation derivation lens 50 can move 
in the optical axis direction upon rotation of the fixation 
derivation lens motor 61 so as to cope with changes in 
the visibility of the eye E. 
45 [0025] Fig. 8 is an electric block diagram showing the 
overall arrangement of the apparatus according to this 
embodiment. The switch panel 4 (including a measure- 
ment switch, print start switch, and the like) : rotary en- 
coders respectively incorporated in the track ball 2 and 
50 roller 3 which are used to roughly align the measure- 
ment unit with the eye, and the printer 5 for printing 
measurement results are connected to ports of a CPU 
54 serving as a processor for controlling the overall ap- 
paratus and executing arithmetic processes. A video 
55 signal representing the eye fungus image picked up by 
the two dimensional image pickup element 41 is sent 
through a video switch 57 and converted into digital data 
by an A/D converter 55. This data is stored in an image 
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memory 56. The CPU 54 computes eye refractive power 
on the basis of the image stored in the image memory 
56. A video signal representing the anterior image 
picked up by the two dimensional image pickup element 
46 is sent through the video switch 57 and converted 
into digital data by the A/D converter 55. This data is 
stored in the image memory 56. The CPU 54 performs 
image processing such as luminescent point image ex- 
traction and pupil extraction on the basis of the image 
stored in the image memory 56. The video signal repre- 
senting the anterior image picked up by the two dimen- 
sional image pickup element 46 is synthesized with a 
signal from a character generation device 63 to display 
the anterior image and measured values on the display 
1 . The up and down motor 13, forward and backward 
motor 18, right and left motor 23, and fixation derivation 
lens motor 61 are respectively connected to motor driv- 
ers 58, 59, 60, and 62, and driven by command signals 
from the CPU 54. The fixation projection light source 52, 
an extrinsic eye light source 48, and the measurement 
light source 37 are connected to a D/A converter 64 
through drivers (not shown), and can change the light 
amounts in accordance with instructions from the CPU 
54. 

[0026] Each of Figs. 6A to 6C shows an anterior im- 
age of an eye to be examined which is observed when 
position detection is accurately performed by using the 
reflected cornea image formed by the measurement 
light source 37 in alignment detection. Fig. 6A shows a 
case where alignment is properly performed in the for- 
ward-and-backward direction. The anterior image and 
the reflected cornea images from the extrinsic eye light 
sources 48a and 48b are transmitted through the aper- 
ture portion 47c in the center of the prism stop 44 and 
formed into luminescent points 60 and 61. Meanwhile, 
the reflected cornea image formed by the measurement 
light source 37 is formed into three vertically aligned lu- 
minescent points 62. The light beam transmitted 
through the aperture portion 47a (see Fig. 4) of the prism 
stop 44 is formed into the upper luminescent point, the 
light beam transmitted through the aperture portion 47b 
is formed into the lower luminescent point, and the light 
beam transmitted through the aperture portion 47c is 
formed into the middle luminescent point. Fig. 6B shows 
an observation image in a state where the distance be- 
tween the eye E and the measurement unit 6 is larger 
(farther) than a proper value. In this state, a line con- 
necting the three luminescent points 62 tilts clockwise. 
In contrast to this, Fig. 6C shows an observation image 
in a state where the distance between the eye E and the 
measurement unit 6 is smaller (nearer) than a proper 
value. In this state, a line connecting the three lumines- 
cent points 62 tilts counterclockwise. An alignment state 
in the forward-and-backward direction (Z direction) can 
be detected from the positions of the upper and lower 
luminescent points of the three luminescent points in the 
right-and-left direction (X-coordinates). An alignment 
state in the up-and-down and right-and-left directions (X 



and Y directions) can be detected from the position (co- 
ordinates) of the middle luminescent point. 
[0027] Each of Figs. 7A to 7C shows an anterior im- 
age of an eye to be examined which is observed when 

5 the reflected cornea image formed by the extrinsic eye 
light source 48 is used for alignment detection instead 
of the reflected cornea image formed by the measure- 
ment light source 37. Fig. 7A shows a case where align- 
ment is properly performed in the forward-and-back- 

10 ward direction (Z direction). In this state, a distance d 
between the position of a pupil center 63 and a reflected 
cornea image 61 (or image 60) formed by the extrinsic 
eye light source 48 becomes a certain predetermined 
value. Fig. 7B shows an observation image in a state 

15 where the distance between the eye E and the meas- 
urement unit 6 is largerthan a proper value. In this state, 
the distance d is smaller than that in the case shown in 
Fig. 7A. In contrast to this, Fig. 7C shows an observation 
image in a state where the distance between the eye E 

20 and the measurement unit 6 is smaller than the proper 
value. In this state, the distance d is larger than that in 
the case shown in Fig. 7A. Therefore, an alignment state 
in the Z direction can be detected from the value of the 
distance d. Alignment states in the X and Y directions 

25 can be detected from the position (coordinates) of the 
pupil center. 

[0028] As described above, an alignment state in the 
forward-and-backward direction (Z direction) is calculat- 
ed from the tilt of a line connecting three luminescent 

30 points (in the scheme shown in Figs. 6A to 6C) or from 
the distance d between the pupil center and each lumi- 
nescent point (in the scheme shown in Figs. 7A to 7C). 
Not that the distance d varies depending on the radius 
of curvature of the cornea of an eye (variations among 

35 individuals), and hence is preferably corrected in ac- 
cordance with the radius of curvature. In addition, an 
alignment state in the up-and-down and right-and-left 
directions (X and Y directions) is calculated from the co- 
ordinates (in the scheme shown in Figs. 6A to 6C) of the 

40 central luminescent point or the position coordinates of 
the pupil center (in the scheme shown in Figs. 7A to 7C). 
When the scheme shown in Figs. 6A to 6C is compared 
with that shown in Figs. 7A to 7C, the detectable ranges 
in the X, Y, and Z directions are wider in the scheme 

45 shown in Figs. 7A to 7C. On the other hand, detection 
precisions in the X, Y, and Z directions are higher in the 
scheme shown in Figs. 6A to 6C. That is, in the scheme 
shown in Figs. 6A to 6C, the detection ranges are nar- 
row, but high-precision position detection can be done. 

50 in contrast to this, in the scheme shown in Figs. 7A to 
7C, the detection ranges are wide but position detection 
is inferior in precision. The apparatus according to this 
embodiment therefore realizes an auto-alignment 
scheme that satisfies both the requirements for wide de- 

55 tection ranges and high detection precision by making 
the most of the merits of the respective schemes, as will 
be described later. 

[0029] An operation procedure in the apparatus ac- 
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cording to this embodiment will be described next. The 
face of an object to be examined is placed on the face 
rest (not shown). The operator then operates the track 
ball 2 and roller 3 to align the measurement unit 6 with 
the optical axis O of the eye E. The measurement unit 5 
6 is moved right-and-left and forward-and-backward di- 
rections with respect to the eye by operating the track 
ball 2, and moved in the up-and-down direction by op- 
erating the roller 3, thereby aligning the measurement 
unit 6. In this operation, on the apparatus side, the CPU 10 
54 receives output signals from the respective pulse 
counters and rotary encoders incorporated in the track 
ball 2 and roller 3 to detect the operation amount and 
speed. In accordance with the operation amount and 
speed, the CPU 54 drives the up and down motor 13, '5 
forward and backward motor 1 8, and right and left motor 
23 through the respective motor drivers 58, 59, and 60. 
[0030] The operator moves the measurement unit 6 
with the above operation and checks an observation im- 
age of the eye E on the display 1 . Upon checking the 20 
image, the operator presses the measurement start 
switch on the switch panel 4. In accordance with this 
operation, auto-alignment is started to automatically 
align the measurement unit 6 with the eye E. The flow 
chart shown in Fig. 9 shows a series of operations from 25 
the start of auto-alignment to the end. 
[0031 ] Accurate alignment operation (fine alignment) 
based on a reflected cornea image of alignment light will 
be described first. In step S1, the image picked up by 
the two dimensional image pickup element 46 is stored 30 
in the image memory 56, and the CPU 54 detects three 
luminescent points of reflected cornea images formed 
by the measurement light source 37 by image process- 
ing. In step S2, it is checked whether the three lumines- 
cent points are detected in step S1 . If YES in step S2, 35 
the flow advances to step S3, in which the CPU 54 cal- 
culates displacement amounts in the X, Y, and Z direc- 
tions from the positions of the three luminescent points. 
In step S4, it is checked whether the displacement 
amounts in the X, Y, and Z directions calculated in step 40 
S3 fall within measurable ranges. If the displacement 
amounts fall within the measurable ranges, auto-align- 
ment is complete. If the displacement amounts fall out- 
side the measurable ranges, the flow advances to step 
S5. In step S5, the respective motors in the up-and- 45 
down, right-and-left, and forward-and-backward direc- 
tions are driven by commands from the CPU 54 in ac- 
cordance with the displacement amounts in the X, Y, and 
Z directions, thereby moving the measurement unit 6. 
The flow then return to step S1 . This loop of steps S1 to so 
S5 is repeated until it is determined in step S4 that the 
displacement amounts in the X, Y, and Z directions fall 
within the measurable ranges, thereby performing auto- 
alignment. When auto-alignment is complete, measure- 
ment of eye refractive power is executed. 55 
[0032] Alignment operation (coarse alignment) to be 
done until the measurement unit 6 enters a range in 
which three luminescent points of reflected cornea im- 



ages formed by the measurement light source 37 can 
be satisfactorily detected. This processing is performed 
when "NO" is obtained in step S2, i.e., three luminescent 
points are not detected. If it is determined in step S2 that 
three luminescent points are not detected, the flow ad- 
vances to step S6, in which the CPU 54 detects the po- 
sition (coordinates) of the pupil center of the eye by im- 
age processing on the basis of the image picked up by 
the two dimensional image pickup element 46 and 
stored in the image memory 56. The CPU 54 then cal- 
culates displacement amounts in the X and Y directions 
from the detected pupil center position. In step S7, it is 
checked whether the displacement amounts in the X 
and Y directions obtained in step S6 fall within prede- 
termined ranges. If NO in step S7, the flow advances to 
step S8. The predetermined ranges are the ranges in 
the X and Y directions in which three luminescent points 
of reflected cornea images formed by the measurement 
light source 37 can be satisfactorily detected. In step S8, 
the up and down motor and right and left motor are driv- 
en by commands from the CPU 54 in accordance with 
the displacement amounts in the X and Y directions, 
thereby moving the measurement unit 6. The flow then 
returns to step S6 again. This loop of steps S6 to S8 is 
repeated until it is determined in step S7 that the dis- 
placement amounts in the X and Y directions fall within 
the predetermined ranges. The following is the reason 
why alignment in the Z direction is not performed in the 
processing loop of steps S6 to S8. As described above 
with referenceto Figs. 7Ato 7C, a displacement amount 
in the Z direction can be detected from the distance be- 
tween the pupil center and each luminescent point. 
Since this distance varies depending on the radius of 
curvature of the cornea, the displacement amount de- 
tected in the Z direction varies among patients. For this 
reason , in spite of the fact that the displacement amou nt 
in the Z direction is small (e.g., in a case where after 
measurement for one of the left and right eyes is com- 
pleted, measurement is switched to the other eye), it 
may be determined that the error in the Z direction is 
large. If the measurement unit is driven on the basis of 
this determination, the displacement amount in the Z di- 
rection may be increased. Assume that the main reason 
why three luminescent points of reflected cornea imag- 
es formed by the measurement light source 37 cannot 
be detected in step S1 is the displacement amounts in 
the X and Y directions. In this case, if alignment in the 
Z direction is performed, together with alignment in the 
X and Y directions, the displacement amount in the Z 
direction may increase. In order to prevent this, align- 
ment in the Z direction is not performed in steps S6 to 

58, but alignment in only the X and Y direction is per- 
formed. 

[0033] If YES in step S7, the flow advances to step 

59. The processing in steps S9 and S1 0 is the same as 
that in steps S1 and S2 described above. That is, three 
luminescent points of reflected cornea images formed 
by the measurement light source 37 are detected. It is 



BNSDOCID: <EP 1245182A1 J_> 



p 



11 



EP1 245 182 A1 



12 



checked in step S10 whether three luminescent points 
are detected in step S7. If YES in step S10, the flow 
advances to step S3. In this case, the operation in step 
S4 and the subsequent steps is performed in the above 
manner. 

[0034] If NO in step S10, the flow advances to step 

511. The processing in step S11 and the subsequent 
steps is characterized in that alignment is performed up- 
on detection of a displacement amount in the Z direction, 
as compared with the processing in steps S6 to S8 de- 
scribed above. The CPU 54 detects the position of the 
pupil center and the central position of a reflected cor- 
nea image formed by the extrinsic eye light source 48 
by image processing on the basis of the image picked 
up by the two dimensional image pickup element 46 and 
stored in the image memory 56. The CPU 54 then cal- 
culates the distance between the detected pupil center 
and the detected reflected cornea image center to ob- 
tain a displacement amount in the Z direction as well as 
displacement amounts in the X and Y directions. More 
specifically, displacement amounts in the X and Y direc- 
tions are detected on the basis of the coordinate values 
of the pupil center, and a displacement amount in the Z 
direction is detected from the distance between the re- 
flected extrinsic eye light image and the pupil center. Ac- 
cording to another method, displacement amounts in 
the X, Y, and Z directions can be obtained from the dis- 
tance between two reflected cornea images (images 60 
and 61 in Figs. 7 A to 7C) formed by the extrinsic eye 
light source 48 or the coordinate values of these images 
without obtaining a pupil center position. 

[0035] lnstepS12, it is checked whetherthe displace- 
ment amounts in the X, Y, and Z directions obtained in 
step S11 fall within predetermined ranges. If NO in step 

512, the flow advances to step S1 3. The predetermined 
ranges are the ranges in the X, Y, and Z directions in 
which three luminescent points of reflected cornea im- 
ages formed by the measurement light source 37 can 
be satisfactorily detected. In step S13, the motors in the 
respective directions are driven by instructions from the 
CPU 54 in accordance with the displacement amounts, 
thereby moving the measurement unit 6. The flow then 
returns to step S11 again. This loop of steps S11 to S13 
is repeated until it is determined in step S12 that the 
displacement amounts fall within the predetermined 
ranges. If YES in step S13, the flow advances to step 
S1. With the above processing, all the displacement 
amounts in the X, Y, and Z directions have already fallen 
within the range in which three luminescent points of re- 
flected cornea images formed by the measurement light 
source 37 can be satisfactorily detected. In step S2, 
therefore, three luminescent point of reflected cornea 
images can be detected. After this step, auto-alignment 
is performed in the above manner. When auto-align- 
ment is complete, measurement of eye refractive power 
is executed. 

[0036] The procedure for auto-alignment in Fig. 9 is 
an algorithm which includes the first alignment mode 



(steps S1 to S5) for performing final fine alignment, the 
second alignment mode (steps S6 to S8) for performing 
coarse article in the X and Y directions, and the third 
alignment mode (steps S11 to S13) for performing 

5 coarse alignment including alignment in the Z direction 
as well, and sequentially executes the three modes. Ac- 
cording to a modification of this embodiment, the above 
procedure may be modified into an algorithm in which 
the second alignment mode is omitted, i.e., if NO in step 

10 S2, the flow advances to step S11 . 

[0037] As described above, alignment based on ac- 
curate position detection with a narrow detection range 
may be organically combined with alignment with a wide 
detection range and lower position detection precision 

is to make the most of the merits of the two alignment tech- 
niques, thereby realizing auto-alignment that satisfies 
both the requirements for a wider detection range and 
higher detection position. 

[0038] According to the present invention, there is 
20 provided an ophthalmologic apparatus which can per- 
form auto-alignment with a wide detection range with re- 
spect to eyes to be examined and high detection preci- 
sion. 

[0039] An aligning method for an ophthalmologic ap- 
25 paratus including a measurement optical system for 
measuring the eyes of an object to be examined and an 
illumination system for illuminating the eyes with extrin- 
sic eye light is disclosed. When a reflected cornea image 
can be detected by irradiating an eye of the object with 
30 alignment light, alignment of the measurement optical 
system is executed on the basis of the reflected cornea 
image. If no reflected cornea image of the alignment 
light can be detected, a reflected cornea image formed 
by the extrinsic eye light is detected, and alignment of 
35 the measurement optical system is executed on the ba- 
sis of the reflected cornea image formed by the extrinsic 
eye light. Thereafter, the reflected cornea image is de- 
tected again. 

40 

Claims 

1 . An ophthalmologic apparatus comprising: 

45 (1) a movable measurement unit which in- 

cludes a measurement optical system for 
measuring an eye to be examined; 

(2) a first light source which irradiates the eye 
with first light from a direction different from that 

so of an optical axis of said measurement optical 

system; 

(3) a second light source which irradiates the 
eye with second light from an optical axis direc- 
tion of said measurement optical system; 

55 (4) image pickup means for obtaining image in- 

formation of the eye; 

(5) first detection means for detecting a posi- 
tional relationship between said measurement 
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3. 



5. 



6. 



unit and the eye on the basis of information of 
the first reflected cornea image formed by said 
first light source on the basis of image informa- 
tion from said image pickup means; and 
(6) second detection means for detecting a po- 5 7 
sitional relationship between said measure- 
ment unit and the eye on the basis of informa- 
tion of the second reflected cornea image 
formed by said second light source on the basis 
of image information from said image pickup 10 
means, 

wherein said measurement unit is driven to be 
aligned with the eye on the basis of a detection re- 
sult formed by said first detection means or second 15 
detection means. 

An apparatus according to claim 1 , further compris- 
ing: 

20 

(1 ) pupil position detection means for obtaining 
a position of a pupil on the basis of image infor- 
mation from said image pickup means; and 

(2) further detection means for detecting a po- 
sitional relationship between said measure- 25 
ment unit and the eye on the basis of pupil po- 
sition information detected by said pupil posi- 
tion detection means. 

An apparatus according to claim 1 , further compris- 30 
ing control means for performing control to align 8. 
said measurement unit with the eye on the basis of 
a detection result obtained by said second detection 
means after aligning said measurement unit with 
the eye on the basis of a detection result obtained 35 
by said first detection means. 

An apparatus according to claim 3, wherein when a 
positional relationship between said measurement 
unit and the eye cannot be detected by said second 40 
detection means, said control means controls said 
measurement unit to align said measurement unit 
with the eye on the basis of a detection result ob- 
tained by said second detection means after driving 
said measurement unit on the basis of a detection 45 
result obtained by said first detection means. 

An apparatus according to claim 1 , wherein said 
unit can move in up-and-down : right-and-left, and 
forward-and-backward directions with respect to 50 
the eye, said first detection means performs posi- 
tion detection in the up-and-down, right-and-left, 
and forward-and-backward directions, and said 
second detection means performs at least detection 
in the forward-and-backward direction. 55 

An apparatus according to claim 1 , wherein each of 
said first and second detection means includes a 



process which processes the image information 
and computes a positional relationship between 
said measurement unit and the eye. 

An auto-alignment method for an ophthalmologic 
apparatus including a measurement optical system 
which measures an eye to be examined, an illumi- 
nation system which illuminates the eye with extrin- 
sic eye light, and an image pickup device to obtain 
image information of the eye, comprising: 

(1 ) the detection step of irradiating the eye with 
a light beam through the measurement optical 
system, and detecting a reflected cornea image 
of the light beam on the basis of the image in- 
formation; 

(2) the aligning step of, when a reflected cornea 
image can be detected in the detection step, 
aligning the measurement optical system with 
the eye on the basis of the reflected cornea im- 
age; and 

(3) the step of, when no reflected cornea image 
can be detected in the detection step, detecting 
a reflected cornea image based on the illumi- 
nation of extrinsic eye light from the image in- 
formation, aligning the measurement optical 
system in accordance with the reflected cornea 
image, and then performing the detection step 
again. 

An auto-alignment method for an ophthalmologic 
apparatus including a measurement optical system 
which measures an eye to be examined, an illumi- 
nation system which illuminates the eye with extrin- 
sic eye light, and image pickup means for obtaining 
image information of the eye, comprising: 

(1) the detection step of irradiating the eye with 
a light beam through the measurement optical 
system, and detecting a reflected cornea image 
of the light beam on the basis of the image in- 
formation from the image pickup means; 

(2) the first aligning step of, when a reflected 
cornea image can be detected in the detection 
step, aligning the measurement optical system 
with the eye on the basis of the reflected cornea 
image; 

(3) the second aligning step of, when no reflect- 
ed cornea image can be detected in the detec- 
tion step, detecting a pupil image of the eye, 
aligning the measurement optical system in ac- 
cordance with the pupil image, and then shifting 
the detection step; and 

(4) the third aligning step of, when the reflected 
cornea image cannot be detected even after 
the second aligning step, detecting a reflected 
cornea image based on the illumination of ex- 
trinsic eye light on the basis of image informa- 
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tion from the image pickup means, aligning the 
measurement optical system in accordance 
with the reflected cornea image, and then shift- 
ing to the detection step. 



measuring an eye to be examined; 

(2) a light source which irradiates the eye with 
light from an optical axis of said measurement 
optical system; 

(3) image pickup means for obtaining image in- 
formation of the eye; 

(4) first detection means for detecting a posi- 
tional relationship between said measurement 
unit and the eye on the basis of information 



13. An apparatus according to claim 11 , wherein when 
a positional relationship between said measure- 
ment unit and the eye cannot be detected by said 



second detection means, alignment is performed 
on the basis of said first detection means. 

14. An auto-alignment method for an ophthalmologic 
apparatus including a measurement optical system 
which measures an eye to be examined, and image 
pickup means for obtaining image information of the 
eye, comprising: 

(1) the detection step of irradiating the eye with 
a light beam through the measurement optical 
system, and detecting a reflected cornea image 
of the light beam on the basis of the image in- 
formation from the image pickup means; 

(2) the aligning step of, when a reflected cornea 
image can be detected in the detection step, 
aligning the measurement optical system with 
the eye on the basis of the reflected cornea im- 
age; and 

(3) the step of, when no reflected cornea image 
can be detected in the detection step, detecting 
a pupil image of the eye on the basis of an im- 
age signal from the image pickup means, align- 
ing the measurement optical system in accord- 
ance with the pupil image, and performing the 
detection step again. 

15. An auto-alignment method for an ophthalmologic 
apparatus including a measurement optical system 

30 which measures an eye to be examined, and image 
pickup means for obtaining image information of the 
eye, comprising: 

(1) the detection step of irradiating the eye with 
a light beam through the measurement optical 
system, and detecting a reflected cornea image 
on the basis of image information from the im- 
age pickup means; 

(2) the first aligning step of, when a reflected 
cornea image can be detected in the detection 
step, aligning the measurement optical system 
with the eye on the basis of a position of the 
eye which is discriminated based on the reflect- 
ed cornea image: 

(3) the second aligning step of, when no reflect- 
ed cornea image can be detected in the detec- 
tion step, detecting a pupil image of the eye on 
the basis of image information from the image 
pickup means, aligning the measurement opti- 
cal system in accordance with the pupil image, 
and then shifting to the detection step; and 

(4) the third aligning step of, when the reflected 
cornea image cannot be detected even after 
the second aligning step, detecting the reflect- 
ed cornea image on the basis of the image in- 
formation from the image pickup means, align- 
ing the measurement optical system in accord- 
ance with the reflected cornea image, and then 



9. A method according to claims 7 and 8, wherein the 
reflected cornea image formed by the illumination 
of extrinsic eye light and a pupil position are detect- 
ed, and the alignment is executed on the basis of a 
positional relationship between the reflected cornea io 
image and the pupil position. 

10. A method according to claims 8 and 9, wherein in 
the first aligning step, alignment in up-and-down, 
right-and-left and forward -and -backward direc- '5 
tions is executed, in the second aligning step, align- 
ment in the up-and-down and right-and-left direc- 
tions is executed, and in the third aligning step, at 
least alignment in the forward-and-backward direc- 
tion is executed. 20 

11. An ophthalmologic apparatus comprising: 

(1) a movable measurement unit which in- 
cludes a measurement optical system for 25 



about a pupil of the eye detected on the basis 35 
of image information from said image pickup 
means; and 

(5) second detection means for detecting a po- 
sitional relationship between said measure- 
ment unit and the eye on the basis of informa- 40 
tion of a reflected cornea image formed by said 
light source and detected on the basis of the 
image information from said image pickup 
means, 

45 

wherein said measurement unit is driven to be 
aligned with the eye on the basis of a detection re- 
sult obtained by said first detection means or sec- 
ond detection means. 

50 

12. An apparatus according to claim 11, wherein the 
alignment is performed on the basis of second de- 
tection means after the alignment is performed on 
the basis of said first detection means. 
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